Dai-kenchu-to (Da-Jian-Zhong-Tang), a traditional Japanese Kampo medicine, is prepared from three different Chinese crude drugs: ninjin (Ginseng radix), sanshou (Zanthoxyli fructus), and kankyou (Zingiberis siccaatum rhizome). Dai-kenchu-to has been used for the treatment of abdominal obstructions, including bowel obstructions and a feeling of coldness in the abdomen. Dai-kenchu-to has recently been evaluated for its clinical usefulness in the treatment and prevention of uncomplicated postoperative adhesive intestinal obstruction and its clinical efficacy has been reported.
participated in more than three similar studies.
Study Schedule Dai-kenchu-to or placebo was administered orally alone or 1 h after oral administration of pirenzepine 75 mg as a single dose of 7.5 g with water. Venous blood samples (10 ml) from a forearm vein were taken for enzyme immunoassay (EIA) of the levels of neuropeptides. Samples were taken before, and at 20, 40, 60, 90, 120, 180, and 240 min after administration of the drugs (Fig. 1) . All volunteers ate lunch (11:30-12 :00) and the study was carried out from 14:00 (2 h after lunch) to 18:00.
EIAs of Gastrin, Somatostatin, Motilin, VIP, CGRP, and Substance P Blood samples were collected in a chilled tube containing aprotinin (500 KIU/ml) and ethylenediaminetetraacetic acid (EDTA) (1.2 mg/ml). After centrifugation, the plasma was diluted with 4% acetic acid (pH 4.0), loaded onto Sep-Pak C 18 cartridges (Millipore Corp., Milford, MA, U.S.A.), and washed with 4% acetic acid. The peptides in the plasma were eluted with 70% acetnitrile in 0.5% acetic acid (pH 4.0), lyophilized, and reconstituted to 100 ml with the assay buffer and subjected to EIA. For the EIA system, plasma samples were concentrated five-fold with SepPak C 18 cartridges. The recovery of plasma gastrin-, 19) somatostatin-, 20) motilin-, 21) VIP-, 22) CGRP-, 23) and substance P-IS 24) was Ͼ90% with this extraction procedure (data not shown).
EIAs for gastrin-, somatostatin-, motilin-, VIP-, CGRP-, and substance P-IS were performed as previously described, using a delayed-addition method. [12] [13] [14] [15] [16] [17] Separation of bound and free antigen was performed on an anti-rabbit IgG (55641, ICN Pharmaceuticals, Ohio, U.S.A.)-coated immunoplates. The fluorescent product 4-methylumbelliferon was measured with an MTP-100F microplate reader (Corona Electric, Ibaraki, Japan). Fragment gastrin I (2-17), human somatostatin, porcine motilin, fragment VIP (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) , human CGRP (8-37), and substance P were conjugated with b-D-galactosidase (Boehringer Mannheim, Mannheim, Germany) with N-(e-maleimidocaproyloxy)-succimide according to the method Kitagawa et al. 25) The EIAs for gastrin, somatostatin, motilin, VIP, CGRP, and substance P were specific and highly sensitive to detection limits of 0.04, 0.10, 0.80, 1.00, 0.08, and 0.40 fmol/well, respectively.
Data Analysis Total release of peptides was calculated as the areas under the plasma concentration-time curves (AUC 0→240 min ) using the trapezoidal method. All values are expressed as meanϮS.D. (pg/ml). Comparisons of plasma peptide levels among blood sampling times were made with analysis of variance and the Mann-Whitney U-test. Values of pϽ0.01 or pϽ0.05 were considered to represent a statistically significant difference.
RESULTS
Effects of Dai-kenchu-to, with or without Pirenzepine Pretreatment, on Plasma Gastrin-IS In the healthy volunteers, Dai-kenchu-to alone had no effect on plasma gastrin-IS levels compared with placebo. Gastrin-IS levels decreased significantly at 20 min after the administration of Dai-kenchu-to with pirenzepine pretreatment (19.2Ϯ10.3 pg/ ml), compared with Dai-kenchu-to alone (40.4Ϯ12.8 pg/ml) or placebo (50.8Ϯ9.7 pg/ml) (Fig. 2) . The release of gastrin (AUC 0→240 min ) after the administration of placebo, Dai-kenchu-to, and Dai-kenchu-to with pirenzepine pretreatment were similar (Table 1A) .
Effects of Dai-kenchu-to, with or without Pirenzepine Pretreatment, on Plasma Motilin-IS In the healthy volunteers, Dai-kenchu-to caused increases in plasma motilin-IS levels at 40 and 180 min (102.7Ϯ15.9 pg/ml at 40 min, and 119.7Ϯ16.9 pg/ml at 120 min, respectively) compared with placebo. Plasma motilin-IS levels decreased significantly at 40 and 180 min after the administration of Dai-kenchu-to with pirenzepine pretreatment (36.4Ϯ21.2 pg/ml at 40 min and 43.6Ϯ25.8 pg/ml at 180 min, respectively), compared with Dai-kenchu-to alone (Fig. 3) . The release of motilin (AUC 0→240 min ) increased significantly after the administration of Dai-kenchu-to alone (21057.4Ϯ3017.4 pg min/ml) and decreased after the administration of Dai-kenchu-to with pirenzepine pretreatment (11999.4Ϯ2482.6 pg min/ml) compared with placebo (16601.4Ϯ1406.5 pg min/ml) ( Table 1B) .
Effects of Dai-kenchu-to, with or without Pirenzepine Pretreatment, on Plasma Somatostatin-IS In the healthy volunteers, Dai-kenchu-to had no effect on plasma somatostatin-IS levels compared with placebo. Somatostatin-IS levels increased significantly at 60 min after the administration of Dai-kenchu-to with pirenzepine pretreatment (30.6Ϯ 10.2 pg/ml), compared with Dai-kenchu-to alone (8.9Ϯ 4.1 pg/ml) or placebo (10.0Ϯ1.2 pg/ml) (Fig. 4) . The release of somatostatin (AUC 0→240 min ) did not change significantly after the administration of Dai-kenchu-to alone or Daikenchu-to with pirenzepine pretreatment, compared with placebo (Table 1C) .
Effects of Dai-kenchu-to, with or without Pirenzepine Pretreatment, on Plasma VIP-IS In the healthy volunteers, Dai-kenchu-to caused increases in plasma VIP-IS levels at 40, 120, 180, and 240 min (14.0Ϯ5.4 pg/ml at 40 min, 21.2Ϯ7.5 pg/ml at 120 min, 9.3Ϯ2.5 pg/ml at 180 min, and 10.4Ϯ5.0 pg/ml at 240 min) compared with placebo. Plasma VIP-IS levels decreased significantly at 120, 180, and 240 min after the administration of Dai-kenchu-to with pirenzepine pretreatment (7.5Ϯ12.0 pg/ml at 120 min, 5.3Ϯ1.8 pg/ ml at 180 min and 7.2Ϯ0.8 pg/ml at 240 min) compared with Dai-kenchu-to alone (Fig. 5 ). The release of VIP (AUC 0→240 min ) increased significantly after Dai-kenchu-to alone (2904.9Ϯ266.1 pg min/ml) but did not change after the administration of Dai-kenchu-to with pirenzepine pretreatment (1787.5Ϯ548.1 pg min/ml) compared with placebo (2015.1Ϯ298.0 pg min/ml) ( Table 1D) .
Effects of Dai-kenchu-to, with or without Pirenzepine Pretreatment, on Plasma CGRP-IS In the healthy volun- teers, Dai-kenchu-to caused increases in plasma CGRP-IS levels at 40 min (95.1Ϯ47.3 pg/ml at 40 min) compared with placebo. Dai-kenchu-to with pirenzepine pretreatment caused increases in plasma CGRP-IS levels at 40 and 240 min (56.7Ϯ24.4 pg/ml at 40 min and 56.0Ϯ6.3 pg/ml at 240 min) compared with placebo. After the administration of Daikenchu-to with pirenzepine pretreatment or Dai-kenchu-to alone, no significant changes were observed in CGRP-IS levels after administration of test drugs (Fig. 6) . The release of CGRP (AUC 0→240 min ) increased significantly after Dai-kenchu-to alone but did not change after the administration of Dai-kenchu-to with pirenzepine pretreatment, compared with placebo (Table 1E) .
Effects of Dai-kenchu-to, with or without Pirenzepine Pretreatment, on plasma Substance P-IS In the healthy volunteers, Dai-kenchu-to caused increases in plasma substance P-IS levels at 20, 40, and 60 min (57.5Ϯ31.6 pg/ml at 20 min, 63.1Ϯ30.7 pg/ml at 40 min and 52.9Ϯ9.4 pg/ml at 60 min) compared with placebo. Dai-kenchu-to with pirenzepine pretreatment caused increases in plasma substance P-IS levels at 20, 40, and 60 min (40.5Ϯ11.9 pg/ml at 20 min, 36.0Ϯ12.8 pg/ml at 40 min and 39.0Ϯ19.2 pg/ml at 60 min) compared with placebo. Plasma substance P-IS levels after the administration of Dai-kenchu-to with pirenzepine pretreatment compared with Dai-kenchu-to alone did not change significantly after the administration of test drugs (Fig. 7) . The release of substance P (AUC 0→240 min ) did not change after either Dai-kenchu-to alone or Dai-kenchu-to with pirenzepine pretreatment compared with placebo (Table 1F) .
DISCUSSION
Dai-kenchu-to improves gastrointestinal motility and increases gastrointestinal mucosal blood flow. It is thought that the action of this medicine is involved in elevated neuropeptide (motilin, VIP, CGRP, and substance P) levels in the gastrointestinal tract. Some neuropeptides-producing cells or neurons receive cholinergic inputs via muscarinic receptors from intrinsic neurons in the gastrointestinal tract. It is therefore of interest to examine the effects of cholinergic antagonists on Dai-kenchu-to-induced neuropeptide release. We examined the effects of the M 1 muscarinic receptor antagonist pirenzepine on Dai-kenchu-to induced-plasma gastrin-, motilin-, somatostatin-, VIP, CGRP-, and substance P-IS levels in healthy volunteers.
Gastrin was first detected in extracts of pyloric antral mucosa. 26) Gastrin stimulates gastric acid secretion involving G cells, and it is associated with a mechanism of gastrointestinal motility involving the cholinergic nervous system. 27) In our results, temporary elevations in plasma gastrin-IS levels were seen after the administration of both Dai-kenchu-to and placebo at 20 min. It is thought that the changes in gastrin-IS levels are due to the action of Dai-kenchu-to and placebo on the gastric mucosal G cells and not to the specific action of Dai-kenchu-to.
5) The administration of Dai-kenchu-to with pirenzepine pretreatment decreased plasma gastrin-IS levels, although not as markedly as the administration of Daikenchu-to alone compared with placebo. It was thought that temporary increases in plasma gastrin-IS levels were suppressed by pirenzepine.
Motilin is found in specific endocrine cells of the upper small intestine of hogs.
28) It strongly stimulates fundic pouch activity and plays an important physiologic role in intestinal contractility. 29) Motilin is one of the most important factors controlling the regular occurrence of phase III of interdiges- tive migrating contractions. 30, 31) It has been reported that Dai-kenchu-to stimulates gastrointestinal motility via ACh release and increases plasma motilin in dogs and humans. 5, 32) Muscarinic receptors are present on the membrane of motilin-secreting cells, and ACh is a major regulator of motilin release by acting on M 1 or M 3 muscarinic receptors. [12] [13] [14] [15] In our results, the administration of Dai-kenchu-to with pirenzepine pretreatment decreased plasma motilin-IS levels compared with Dai-kenchu-to alone. Our findings suggest that Dai-kenchu-to may stimulate motilin cells mainly via M 1 muscarinic receptors.
Somatostatin is a gastrointestinal motility stimulator and functions as an inhibitor of motilin and gastrin release in digestive organs. [33] [34] [35] [36] In our results, the administration of Daikenchu-to with pirenzepine pretreatment significantly increased plasma somatostatin-IS levels compared with Daikenchu-to alone or placebo, while transient elevations in plasma gastrin-IS were inhibited. Sue et al. reported that pirenzepine acts on somatostatin cells (D cells) to promote somatostatin release, thereby indirectly suppressing gastrin release from G cells in the stomach. 18) In our study, the effects of Dai-kenchu-to with pirenzepine pretreatment on plasma somatostatin-and gastrin-IS might be related to direct or indirect action by pirenzepine.
VIP has a vasodilating effect and is a gastrointestinal motility regulator. VIP is considered to be one of the neurotransmitters released from nonadrenergic, noncholinergic inhibitory neurons in the gastrointestinal tract. [37] [38] [39] We found that Dai-kenchu-to caused significant increases in plasma VIP-IS levels, as in the report of Nagano et al., 6) while plasma VIP-IS levels after the administration of Dai-kenchuto with pirenzepine pretreatment showed the same pattern as that observed after the administration of placebo. Previous studies showed that VIP output in response to ACh was greatly inhibited by pirenzepine in blood-perfused ileum and isolated ileal tissues in dogs. 9) Thus Dai-kenchu-to may stimulate VIP-producing neurons via M 1 muscarinic receptors.
CGRP is a powerful vasoactive substance that is released from the sensory afferent nerve endings in response to gastric mucosal injury in the stomach. 40, 41) CGRP increases gastric mucosal blood flow as a gastroprotective factor. 42) In addition, CGRP has a potent effect on gastrointestinal motility and secretion. 43) Recently, it has been reported that Daikenchu-to increases intestinal blood flow, which is mainly mediated by CGRP, in rats. 4) In our study, Dai-kenchu-to significantly raised plasma CGRP-IS levels after administration to healthy volunteers. On the other hand, plasma CGRP-IS levels after the administration of Dai-kenchu-to with pirenzepine pretreatment tended to decrease compared with the administration of Dai-kenchu-to alone. Previous studies demonstrated that CGRP is localized in motor neurons and nerve terminals at the neuromuscular junction, where it coexists with ACh, and that CGRP is a neurotransmitter that may act in conjunction with ACh. 44, 45) Transforini et al. also reported that the acetylcholinesterase inhibitor caused significant increases in basal plasma levels of CGRP in healthy humans, whereas pirenzepine failed to exert any significant effect. 10) This indicates that ACh controls CGRP release from CGRP-containing nerves. Although it has not been demonstrated previously whether Dai-kenchu-to directly stimulates CGRP-containing nerves or indirectly secretes CGRP accompanied by the stimulation of other secretory cells and mechanisms, the effects of Dai-kenchu-to on CGRP levels might be related in part to M 1 muscarinic receptor.
Substance P coexists with CGRP in the sensory afferent neurons of the gastrointestinal mucosa and is released with ACh in response to depolarizing stimulation in the enteric nervous system. 46) In the gastrointestinal tract, substance P is thought to be involved in the control of motility, secretion, and blood flow. 47, 48) Dai-kenchu-to stimulates substance P release and induces contractions in guinea pig ileum. 49) Schmidt et al. reported that muscarinic receptors are present on the intrinsic substance P-producing neurons and inhibit the release of substance P in porcine ileum. 11) In our study, Dai-kenchu-to raised plasma substance P-IS levels after administration to healthy volunteers, while plasma substance P-IS levels after the administration of Dai-kenchu-to with pirenzepine pretreatment tended to decrease compared with Dai-kenchu-to alone. Although it has not previously been comfirmed whether M 1 muscarinic receptors are present on the substance P-producing neurons in the gastrointestinal tract, the effects Dai-kenchu-to on plasma substance P levels might be related in part to M 1 muscarinic receptor.
According to the report by Sugiyama et al., 50) Dai-kenchuto significantly increases plasma motilin levels in the treatment of diseases of the ileus and its changes might contribute to promoting gastrointestinal motility. Murata et al. also reported that Dai-kenchu-to produces an increase in intestinal blood flow and the administration of the atropine or VIP receptor antagonist partially attenuated the Dai-kenchu-to-induced hyperemia. 4) Therefore the pharmacologic action of Dai-kenchu-to might be partially due to the changes in plasma motilin and VIP. In our results, the coadministration of Dai-kenchu-to with pirenzepine pretreatment caused a significant decrease in plasma motilin and VIP release, compared with Dai-kenchu-to alone. It was estimated that use of pirenzepine might affect the clinical efficacy of Dai-kenchuto, although it is certain whether these effects in healthy volunteers are the same as those in patients clinically. Therefore it is necessary to investigate the effects in patients with a condition such as ileus.
In conclusion, Dai-kenchu-to may increase plasma motilin and VIP levels via M 1 muscarinic receptors and coadministration of Dai-kenchu-to with pirenzepine decreases Daikenchu-to induced-motilin and VIP release in human plasma. Although further studies are needed, our findings may be important clinically.
